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Abstract 
 
This research focuses on energy sector in Nigeria, more precisely, the electricity 
sector. The current situation in the Nigeria is that energy supply is not covering 
the energy demand. We made a research to investigate if solar energy could be a 
solution for the present situation in the mentioned country acting as a supportive 
energy supply.  
 
We analyzed both economical and environmental costs/benefits of 
implementation of solar energy system. We analyzed environmental aspect by 
comparing solar energy with another energy sources such as wind energy, 
biomass, wind power and nuclear energy. After analyzing the climate in Nigeria, 
we found out that solar energy is the mostly suitable energy source. Economical 
perspective was analyzed by using an example of small village (fictional) with the 
number of 10.000 inhabitants. We calculated the costs of solar energy plant that is 
capable to provide electricity to that number of people. The result was that 
electricity produced by solar energy plant is 2.67 times more expensive than 
electricity which is currently available for citizens in Nigeria. However this 
number cannot be taken into account for granted, because a lot of electricity is 
made by private households using generators which run on diesel. The costs are 
relatively high by using this method, but people must pay because country cannot 
supply the current existing electricity demand. 
 
With the research and the analysis made, we came up with the conclusion that 
solar energy plant could be a solution for the shortage of electricity and be a 
supportive energy source for existing energy system. This solution would be both 
economically and environmentally sound.  
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Abbreviations 
 
 
CDM    Clean Development Mechanism 
CER             Certified Emission Reduction 
DNA            Designed National Authority 
DOE           Designated Operating Entity 
DSM Demand Side Management 
EB              Executive Board 
EE                Energy Efficiency 
EIA                   Energy Information Administration 
GDP             Gross Domestic Product 
GHG            Green House Gases 
GW         Gigawatts 
KW              Kilowatts 
LPG Liquefied Petroleum Gas 
MW              Megawatts 
NCERD National Center of Energy Research and Development 
NEPA           National Electric Power Authority 
NNPC          Nigerian National Petroleum Company 
PDD            Project Design Document 
PV                Photovoltaic 
R D&D Research, Development and Demonstration 
SD Sustainable Development 
SWH Solar Water Heater 
UN               United Nations 
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1. Introduction 
1.1 Project motivation  
 
As we started our discussions during the group formation process we looked for 
various interest areas within the social sciences, and the subjects that all of the 
group members were interested in were economical development and 
environment within the third world countries.  
 
We have analyzed a range of topics that would be worth our attention to 
investigate. After the debates, we all agreed that we are interested to write about 
African economical development and its influence on environment.  
 
Due to geographical, demographical, historical, political and cultural specifics 
Africa is a continent of different countries with different backgrounds, therefore, 
project group decided to keep focus on one specific African country – Nigeria.  
 
There are few reasons why Nigeria was chosen as a case country. First, one of our 
group members recently traveled to Nigeria and had personally experienced 
country’s economical situation and had a great opportunity to get in touch with its 
surroundings. Second motivation for our choice becomes a determination to find 
out more business opportunities that could be environment friendly and could 
influence country’s social-economical situation.  
 
1.2 Background information on solar energy 
 
It can sound surprisingly, but generating electricity from the sun is known for 
many centuries ago. Starting from ancient Greeks and Romans who used the 
Sun’s capacity to light and heat indoor spaces and ending at present times when 
solar technology has made huge achievements and is ready not only to compete 
with other well known energy sources but already even to replace them. 
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The very first inventor of the first active solar motor which was invented in 1861 
was Auguste Mouchout.1 He assumed already then that fossil fuels have their 
limits, and he started to question society the widespread belief during the 
Industrial Revolution in the 19th century that the fossil fuels would never run out: 
“Eventually industry will no longer find in Europe the resources to satisfy its 
prodigious expansion. Coal will undoubtedly be used up. What will industry do 
then?”2 But because of the high costs, comparing to coal, his invention was 
pushed aside and became just a footnote in an energy history. However through 
the 19th century scientists were again attracted and intrigued by solar energy 
possibilities. From then till now there were made huge inventions in solar 
technology sector which led to spectacular development in this sector. Some very 
important inventions were made:    
Albert Einstein did a research on the photoelectric effect – a phenomenon central 
to the generation of electricity through solar cells. William Grylls Adams had 
revealed that when light was shined upon selenium, the material shed electrons, 
thereby creating electricity. Gerald Pearson, Daryl Chapin and Calvin Fuller 
invented the first silicon solar cell capable of generating a measurable electric 
current in 1953. This invention was announced and reported to be as “the 
beginning of a new era, leading eventually to the realization of harnessing the 
almost limitless energy of the sun for the uses of civilization.”3 However, in 1956 
the solar photovoltaic panels (PV) were still far from economically practical. In 
comparison – electricity from solar cells ran at about $300 per watt while today 
market rates are around $5 for a watt of solar PV.4 For achieving such price 
difference massive investment in subsidies and research were done. Lately, in 
2002, Japan installed 25,000 solar rooftops and such large PV orders are creating 
economies of scale, as a result steadily lowering costs. It is announced that the PV 
                                                 
1
 Science engineering and technology timeline, published by intute, webpage: 
http://www.intute.ac.uk/sciences/timeline6.html, accessed on 13/10/2008. 
2
 History of Solar, published by Southface, webpage: http://www.southface.org/solar/solar-
roadmap/solar_how-to/history-of-solar.htm, accessed on13/10/2008. 
3
 Ibid 
4
 Ibid 
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market is currently growing at 30 percent per year and that gives a promise of 
continually decreasing costs.5 
 
1.3 Replacing oil energy for solar energy in Nigeria 
 
 
Nigeria as a country is rich with energy resources such as petroleum, natural gas, 
coal, tar sand, and biomass. The country consumes a large amount of liquefied 
petroleum gas, motor spirits, kerosene, diesel oil, fuel oil, and gas oil, all of these 
mentioned energy sources give huge impact to climate change problems as well as 
rise many environmental problems in general. Looking from the renewable energy 
side the country has a massive potential for developing and implementing energy 
sources such as: solar, hydro, biomass, and wind energy.6  
 
Electric power is most widely used form of power in the industrialized countries. 
But the situation in developing countries is different. People are struggling to 
receive enough power even for their basic needs. It is proved that Nigeria has a 
problem with the power sector, which operates well below its estimated capacity. 
To compensate power shortages, the commercial and industrial sectors are using 
privately operated diesel generators to supply electricity that they need. Only 40 
percent of people (equivalent to 51.508.795 out of 128,771,988 people) 7 in 
Nigeria have access to electricity, and the majority of them are living in urban 
areas.8  
 
Knowing that Nigeria has an annual average daily solar radiation of about 5.25 
kWh/m²/day, varying between 3.5 kWh/m²/day at the coastal areas and 7.0 
kWh/m²/day at the northern boundary, and average sunshine hours all over the 
                                                 
5
 Ibid 
6
 Nigeria‘s first national communication „Under the United Nations Framework convention on 
Climate Change“, November 2003, The Ministry of Environment of the Federal Republic of 
Nigeria Abuja 2003, p. 2. 
7
 Africa, Nigeria, published by Nation Master, webpage: http://www.nationmaster.com/country/ni-
nigeria, accessed on 3/11/2008. 
8
 Energy profile of Nigeria, published by the encyclopedia of earth, webpage: 
http://www.eoearth.org/article/Energy_profile_of_Nigeria, accessed on 13/10/2008. 
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country is about 6.5 hours9 can give us an impression that implementing solar 
energy strategy is a great opportunity for Nigeria to get renewable energy at low 
cost as well as minimize dependence from fossil fuels; and finally solar energy 
would give an opportunity to implement infrastructure where before it seemed to 
be too hard or too expensive. 
 
 
 
Figure 1 Temperature in Nigeria 
 
During the day it is estimated that Nigeria receives about 4.851x10¹² kWh of 
energy from the sun. All this energy is equivalent to about 1.082 million tons of 
oil per day10, while domestic consumption of oil is 297 thousand barrels¹ per 
day11. When we change barrels into tones we see very exiting numbers. 297000 
barrels = 47219.2281 tones = 0.0472192281 million tones. Theoretically (and 
most likely practically as well) it is obviously seen that domestic demand for oil 
can be substituted by solar energy already now.  
 
                                                 
9
 African Journal of Science and Technology “Urban and Rural electrification:enhancing the 
energy sector in Nigeria using Photovoltaic technology“, written by Chineke T.Chidiezie and 
Igwiro E.C., p 102. 
10
 Ibid, page 103. 
11
 Nigeria, published by Energy Administration Information, webpage: 
http://www.eia.doe.gov/emeu/cabs/Nigeria/Profile.html.  
1barrel equal to 158.9873 liters, webpage: http://www.nationmaster.com/encyclopedia/Barrel, 
accessed on 3/10/2008. 
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1.4 Current situation in Nigeria 
 
Since 1970s oil boom until now, Nigeria is gaining from the high oil prices in the 
world market; however, the corruption and lack of managerial skills are keeping 
down any progress in the oil production of Nigeria from growing. Despite the fact 
that Nigeria is one of the biggest oil producers in Africa and one of the largest 
producers of crude oil in the world, still, more than a half of its people are living 
in poverty.12 The gross national income per capita of Nigeria is only 640 dollars, 
which means that 52 percent of its citizens are living on less than on 1 dollar per 
day.13 
 
In addition, Nigeria is the world’s eighth largest exporter of a crude oil. Nigeria is 
a major oil exporter to the United States; however, others are not left behind and 
country is also exporting some percentage of crude oil to Europe, South America, 
Asia and Caribbean. In 
2006, total Nigeria’s 
oil production was 
around 2.45 million 
bbl/d but the 
government with the 
help of new projects is 
willing to increase it to 
4 million bbl/d by 
2010. As stated in the 
Oil and Gas Journal (OGJ), Nigeria’s proven reserves of oil in January, 2007 
accounted for 36.2 billion barrels and it is likely to be expand to 40 billion barrels 
by 2010.14 
                                                 
12
 Country profile: Nigeria, published by BBC News, last updated on 18 January, 2008, webpage: 
http://news.bbc.co.uk/2/hi/africa/country_profiles/1064557.stm, accessed on 17/10/2008. 
13
 Sub-Sahara Africa, Nigeria, Trade and Investments, published by Foreign & Commonwealth 
Office (FCO), last reviewed on 13 February, 2008, webpage: http://www.fco.gov.uk/en/about-the-
fco/country-profiles/sub-saharan-africa/nigeria?profile=tradeInvestment&pg=6, accessed on 
17/10/2008. 
14
 Nigeria, country analysis briefs, published by Energy Information Administration, last updated 
on April, 2007, accessed on 17/10/2008. 
Solar energy implementation in Nigeria, Karolis Kevelaitis, Rasa Museckaite, 
Gaisva R.Obialo, Vytautas Raudonis, Bachelor level in Business Studies, House 
44.2, Roskilde University, Fall 2008. 
 
 
10 
 
 
According to the EIA International Energy Annual report of 2004, Nigeria’s 
energy consumption compounds of three different types of energy: oil which 
accounts for more than a half of total energy consumption – 58 percents, then 
follows natural gas (34 percents) and hydroelectricity (8 percents). 15 
 
The power sector in Nigeria is working below its estimated capacity, therefore the 
power outages are quite a frequent matter. Due to this discomfort, privately 
operated diesel generators are being used to compensate the lack of energy 
supply.  In 2004, total electricity generation was 19 billion kilowatt-hours, 
whereas the total consumption was less than generation and accounted for 18 
billion kilowatt-hours, however, only minority (around 40 percents) of Nigerians 
have an access to electricity and mainly the ones living in urban areas.16 
 
1.5 Background information about CDM 
 
The Nigerian energy service, NEPA (Nigerian Electric Power Authority) has been 
having a hard time supplying energy to millions of its people. This has been partly 
due to the lack of effective DSM (Demand and Supply Management) activities 
such as energy efficiency and lesser supply-side options, which included the 
construction of more power points. The reason is that, the government planned to 
liberalize part of the electricity market and advised NEPA to maintain its capacity 
without any expansion. NEPA’s deficiency covers the supply, transmission and 
distribution of electricity. On the other hand, privatization has failed to happen 
and has deteriorated the situation of the service to meet load demand. Secondly, 
the existence of subsidies and capital malnourishment are current obstacles 
infringing on the deployment of efficient technologies. To viaduct the space 
between energy technologies and some of the barriers that affect their 
implementation, a flexible mechanism has been developed that could assist 
developing countries by easing the move-over to technology and financial 
                                                 
15
  Ibid. 
16
  Ibid. 
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assistance from developed nations. As an integral component of the Kyoto 
Protocol on climate change, CDM (Clean Development Mechanism) functions by 
delivering a subsidy to the developing world (with no obligations to meet 
emissions target at home) in return for lower emissions of greenhouse gases. The 
subsidy offsets the cost of reducing GHG emissions, thereby encouraging 
developing countries to emit less GHG than they otherwise would. The CDM 
helps developed countries with emission reduction targets to meet their 
commitments but at the same time it requires that projects contribute to the 
sustainable development of the country where they are hosted. Because the Kyoto 
Protocol gives no definition of how to interpret “sustainable development” and 
leaves this aspect for host country governments such as Nigeria to decide, there is 
a lack of understanding and consistency in how this concept is applied. With this 
in mind, there was a need for the development of guidelines for appraising 
sustainable development. In the Nigeria’s context, CDM has great chances of 
success and it should be seriously taken in consideration by project developers, 
and give a kick off to the policy makers and to investors at the same time by 
catalyzing the CDM and the carbon market. In Nigeria for instance, single 
projects are often too small to be commercially attractive. The aftermath is that, 
many small and poor countries are not profiting from CDM at the moment.  
 
1.6 Problem area 
 
Electricity is the most essential need of all the people in the world and it is needed 
more than ever. The electricity from fossil fuels (coal, oil and gas) is extensively 
used, however these energy supplies are non renewable and destructive to the 
environment. The greater part of energy in the world comes mainly from solar 
energy. Solar energy is energy from the Sun. It is renewable, infinite and 
environmental friendly. The major supplies of power production today are fossil 
fuels, nuclear reaction, and hydro energy. This type of energy is non-renewable 
and creates colossal pollution. In addition, hydro energy does not create sufficient 
and reliable power for Nigeria’s utilization; furthermore, the searching of these 
assets is costly. An expensive searching methods and continuous depreciation of 
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the currency of the developing country as Nigeria has made the power from fossil 
fuels excessive for most of its people.17 Taking into consideration the high prices 
of fossil fuels, the destructive consequences of nuclear power, and the 
unpredictability of hydropower, solar energy is the best solution. The sun exude 
massive amount of energy. It emits more energy in one year than people have 
used since the beginning of times18. It takes millions of years for the energy in the 
Sun’s heart to make its way to the shell, and just slightly in excess of eight 
minutes to make journey to the earth. Solar energy moves towards earth at the 
speed of light.19 Merely a diminutive quantity of the energy is spread out by the 
sun wallop on facade of the earth; one element from two million. However, this 
quantity of energy is gigantic. 
 
Our project is concerned with Nigeria’s energy sector development and the future 
of sustainable energy in the country. Thus, while concerning on sustainable 
energy, we decided that the biggest part of Nigeria’s energy sector development 
could be influenced by solar energy correlation with the present energy produced 
from fossil fuels.  
 
Further on, project group would like to research if there were some energy 
efficiency proposals and would they have the potential for financial support under 
the Clean Development Mechanism project. 
 
 Energy efficiency is one of the most promising systems for making energy more 
reasonable, improving energy security and reducing emissions in developing 
countries. Energy efficiency is a considerable concern particularly in housing 
sector and could change living conditions in the urban areas of the country. With 
an insight of present energy situation in urban areas of the country we intend to 
give a profile of the status quo and introduce you to residential sector’s 
inefficiency in electricity consumption. 
                                                 
17
  A. Nasir “A Technology for Helping to Alleviate the Energy Problems; Solar Energy for 
Cooking and Power generation” research paper from Federal Technical University of Nigeria. 
18
 Weinberg, Carl J., & Williams, Robert H “Energy from the sun” p.  147-55. Scientific American 
1990. 
19
  Ibid 
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 The connection involving climate change and poverty improvement is essential in 
many projects dealing with development and planning in terms of environment 
and energy efficiency. We will try to make this correlation, and limit our research 
to the residential areas.  
 
Technology service and its distribution make a difference when impending 
climate change projects. Technological development can be tackled while 
justifying climate change and improving energy poverty. In order to do so, 
household policies and international market based implementations, such as Clean 
Development Mechanism (CDM)20, might play a significant role. The exploitation 
of technologies such as Solar Water Heater (SWH) is not possible without any 
kind of governmental or international support, just as in the case of Nigeria; 
National Center of Energy Research and Development (NCERD). In order to do it 
in the sustainable way, the help of national progressive policies and regulations is 
needed. In this case, the CDM could come as an assurance for balance up its 
implementation prospective.  
 
We will identify various barriers to the CDM such as international, financial and 
local. They will be approached in close relation to present or lacking policies. 
Development Projects could have an impact on policies and vice versa. We try to 
elaborate on how CDM projects could enhance or promote climate friendly 
policies and attract western world investors. 
 
Our interest is to find out the barriers that are standing in the way of improving 
Nigeria’s social-economical end environmental situation. We believe that all the 
aspects mentioned above are very relevant and crucial to our investigation. They 
will give us a clear picture on the current situation in the country and will provide 
us with preliminary prognosis for the future country’s social-economical and 
environmental position in the world.  This leads us to the problem formulation and 
research questions. 
                                                 
20
 CDM Information and Guidebook, The UNEP project CD4CDM. 
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1.7 Problem formulation 
 
Our Problem formulation is as follows:  
What are the economical and environmental costs/benefits of implementing solar 
energy in urban areas of Nigeria in order to support the current fossil fuel 
generators and thus ensure the constant electricity supply? 
Research questions: 
• What is the status quo of electricity sector and energy use in urban 
areas of Nigeria? 
• Are there any other energy alternatives suitable for Nigeria?  
• What would be the exact costs of implementing solar energy system 
capable to provide constant electricity? 
• What international/local policies and regulations would affect the 
implementation of solar energy system? 
• What role CDM could play in implementation of solar energy? 
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2. Theory 
 
 In this section we will examine the theoretical background of the project, describe 
it and explain in what way we can apply it to our project.  
 
We decided to look at a number of theories and theoretical concepts. The 
argumentation for using the selected theories is that they are the best for 
answering the main question. 
 
The energy chain concept will help to define our center focus groups, which are 
the ordinary Nigerian people. And this delimitation comes in connection with the 
use of the other two theories. People will benefit from implementing demand side 
activities through financial and energy savings. Energy efficiency in this sector 
could be made possible through the CDM. In this way, benefits will be delivered, 
such as: empowerment of the urban communities in the area of energy service 
delivery (permanent electricity), health, poverty improvement and employment 
creation. CDM makes possible the access of funding and should contribute to 
sustainable development.  
 
2.1 The choice of theory 
 
Energy Chain DSM CDM 
Answering the research question 
 
We applied the theoretical concepts that will contract with energy efficiency and 
its performance in a chain reaction, a decision-making and economical tool that 
reviews the practicality and the opportunity of applying change, and finally, a 
financial tool that will authorize the exploitation of the earlier revealed ones.  
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2.1.1 Energy chain concept 
 
The energy chain (EC) is the energy channel from the creation source to 
conduction and utilization by the end-user. The demand and supply of energy is 
made up of diverse energy sub-systems, such as off-network and network 
complex, fuel (gas, paraffin, LPG –liquefied petroleum gas, hydrogen, Ethanol 
Gel) networks and energy efficient systems including cogeneration and heat 
pumps. The EC systems encloses of manufacture, broadcast and allocation of 
energy to customers. This research focal point is on the end-user (inhabited 
sector) since it is the place where we want to implement constructive changes that 
influence consumer performance.  
 
We present an energy chain model set by the World Energy Congress21 as a 
theoretical background. The energy chain model is presented to clarify the fact 
that energy efficiency is a shared effect of the acts in each stage of the entire 
energy chain.   
 
 
Figure 2 Energy chain model 
 
                                                 
21Proposed Basic Concept of Energy Chain by the World Energy Congress, Sydney, 
Australia,(2004) proposes figure, webpage: http://www.worldenergy.org/wec- 
geis/congress/abstracts/hamamatsut0904.pdf,  accessed on  2/11/2008.  
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The figure shows the foundation of the energy resources in the left side that will 
be transformed into the subsequent energy/fuel network. The energy assets are 
transformed by the power plants into other types of energy and emancipating the 
drain gas, such as CO2, into the environment at the same time. The transformed 
energy can be distributed into: electricity/gas and clean fuels. This is exploited by 
the end-users that are benefiting from energy consumption through equipments 
and tools. The four phases in energy chain are interrelated with each other in a 
way that the routine (low or high efficiency) in every stage has a control upon the 
other. They all have a share to the final general efficiency and decide the common 
average of energy use in the specific area or even in a whole country. In the last 
stage, end users usually regulate their behaviors or their ways to use energy by 
taking the most suitable or the most appropriate alternative for themselves.  
 
2.1.2 Demand Side Management 
 
The name “demand-side management” (DSM) first was mentioned in the United 
States in the early 1980s to demonstrate the “planning and implementation of 
utility activities fashioned to influence the time, pattern and the amount of 
electricity demand through means that would not only increase customer 
satisfaction, but also bring forth desired changes in the utility’s load shape.” 22 
 
DSM proposes the common activities among the effectiveness and its consumers 
(occasionally with the support of third parties such as ESCOs - Energy Service 
Company - and diverse trade associates) to put into practice alternatives for 
improving competence of energy use, with resulting benefits to the value, the 
customer and the society in all-purpose.23 
 
The theory of DSM was formulated as an oppose mechanism to the possible 
problems imposed by global warming; the necessity for sustainable development 
and the idea that enhanced EE (Energy Efficiency) delivers the most cost-
                                                 
22
 Albert Africa “DSM- Coming of age in South Africa” 2003. 
23
  International Institute for Energy Conservation “DSM Best Practices Guidebook” 2006. 
Solar energy implementation in Nigeria, Karolis Kevelaitis, Rasa Museckaite, 
Gaisva R.Obialo, Vytautas Raudonis, Bachelor level in Business Studies, House 
44.2, Roskilde University, Fall 2008. 
 
 
18 
 
effective alternative to moderate these problems. DSM consists of Demand 
Response Programs (Load management options and time of use rates) and EE 
Programs. In the case of Nigeria, some DSM programs have been implemented by 
the utility half-heartedly due to the fact that, they curb revenue. Throughout 
technology transmission such as EE appliances, solar systems and thermal lagging 
interferences for the residential sector, EE and DSM activities could be possible 
using CDM.  
 
2.1.3 Clean Development Mechanism (CDM) 
 
 
Members of the UN (United Nations) who have approved the Kyoto Protocol seek 
to control anthropogenic (man-made) GHG’s (Green House Gases) so as to 
balance the amount of gases in the air interfering with the world’s climate system. 
The Kyoto Protocol introduces two flexible mechanisms for international 
mitigation efforts: the CDM (between a developed and a developing country) and 
Joint Implementation (between countries with economies in transition and 
developed countries).  
Key 
 
 
                     
                          Annex I Country         Non-Annex I Country                   
 
GHG Reduction 
Obligation 
 
 
 
                                                CDM                                 No reduction obligation24 
 
                                                 
24
 Adopted from CDM Information and Guidebook, The UNEP project CD4CDM second edition, 
June 2004, published by Unep Risoe Centre on Energy, Climate and Sustainable Development, 
Risoe National Laboratory, Roskilde, Denmark.   
   
Investment   
 
GHG Credit 
 
Denmark 
 
Nigeria 
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A polluting country (GHG reduction obligation) can rely on a project-taking place 
in a developing country (no reduction obligation) and seize the CERs (Certified 
Emission Reduction Credits) from doing so. Rationally thinking, it is expensive to 
invest in the reduction of emissions domestically than in developing countries. 
The process of generating CERs arises in the CDM cycle, which could be 
diagrammatically demonstrated in Figure underneath.  
 
25
 
 
The DNA (Designated National Authority) of the host country supports the 
project on the basis that the project meets the terms with a variety of requirements 
including contribution to sustainable development in the host country.  
                                                 
25
  Bruce P.Chadwick “Effective use of the Clean Development Mechanism” published by 
Columbia university 2006. 
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There are a number of public contribution elements that also guarantee local and 
international analysis of the PDD (Project Design Document) and the reports of 
the DOE (Designated Operating Entity) that puts the project forward to the EB 
(Executive Board) before its endorsement. Following the endorsement of the 
project, on the basis of actual emission reductions compared with the baseline of 
predictable emissions, which would have arise without the project, the genuine 
emissions are than legalized and the EB record the CERs. 
 
2.1.4 Interconnection of theories 
 
 
The three theoretical concepts are used simultaneously for creating the synergy 
required in order to move towards our research problem.   
 
For having a possible research question we need to find our focal point and move 
towards it through various elements. The energy chain where we restrain our 
focus and recognize the target group and highlight its importance plays one vital 
role. Therefore, we will target the end-user of the energy chain, represented by 
residential areas of the country. At this stage, we focus on enhancing energy 
efficiency activities for the target group, throughout the Demand Side 
Management. In addition, we will conclude, describe and analyze the causes of 
energy inefficiency for the target group.  
 
The result of the correlation of these theories will be the indication of barriers for 
CDM in the residential sector. The residential households will profit from 
implementing demand side activities through financial and energy investments. 
Energy efficiency in this sector could be made possible through the CDM. In this 
way, profits will be distributed, such as: empowerment of the urban communities 
in the area of energy service delivery, efficient electricity supply, health, poverty 
improvement and employment creation. The concept of CDM is basically the base 
for the study that will focus on most of the barriers that interfered with its project 
Solar energy implementation in Nigeria, Karolis Kevelaitis, Rasa Museckaite, 
Gaisva R.Obialo, Vytautas Raudonis, Bachelor level in Business Studies, House 
44.2, Roskilde University, Fall 2008. 
 
 
21 
 
cycle at various phases. CDM makes the access of funding look promising and 
should contribute to sustainable development. 
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3. Methodology 
 
Our project consists of both theoretical and empirical data. The theoretical data 
comprises of the literature presented in the courses of current and previous 
semesters, as well as the relevant and appropriate books we found in the library 
ourselves.  
 
While the empirical data we are using in our analysis is secondary data source that 
consists of various articles, reports, journals and reliable internet sources 
concerning the problem area of the project. 
 
Another important factor we have to take into consideration is the reliability and 
validity of the project. Reliability of data is concerned with the stability of the 
concept measurement while on the other hand the validity of data is more 
concerned with the integrity of results generated form research process.26 Due to 
us using various internet sources we have to be aware that it might be biased, 
however, we are looking at official sources and governmental policies to ensure 
the highest reliability of data as possible. Furthermore, we have to understand that 
our project is a current matter and the data may be changing frequently, therefore, 
we determined to try not to use data older than a year 2000, preferably from the 
last 2 – 3 years. 
 
In order to clarify our project we decided to divide its analysis into two parts and 
to look at the problem from two different perspectives: economical and 
environmental. 
 
Economical aspect in the project includes the costs of the solar energy 
implementation, the governmental policies and approaches on the private sector as 
well as an impact on market and etc. 
                                                 
26
 Bryman, A. “Social Research Methods” (2nd edition), chapter 2: Research designs, page 28, 
published by Oxford University Press in 2004. 
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Whereas in the environmental part of the analysis we are looking into the 
pollution done by using oil products and into the possible damage to the 
environment by using solar energy. 
  
We have also chosen the residential sector as opposed to the commercial and 
industrial sectors for the following reasons: initially, the value is unconcerned in 
relation to integrating DSM activities since it decreases revenue through 
decreased electricity sales. Secondly, manufacturing and commercial tariffs will 
be disposed to be lower than that of the residential sector implying a lesser 
inducement for energy efficiency and savings for the former. For the residential 
sector, there are gigantic saving potentials accruing through EE initiated through 
CDM. This entails lower energy bills and more money for the customer’s personal 
needs for other services such as education and etc.  
 
Via the energy chain, we will center ourselves on the target group - the end user. 
The end user is targeted because efficiency is lowest at this stage and at the same 
time, rapid changes can be applied to improve energy efficiency such as the use of 
paraffin/kerosene. We will move toward the implementation of EE/DSM behavior 
supported by CDM.  
 
3.1 Limitations 
 
 
Because of our topic being so current, we have to be aware of the reliability and 
validity of our sources. However, this is why we search for as many sources as 
possible, as well as ‘scientifically approved’ sources, to have a clear broad 
picture. 
 
Moreover, due to the scarcity of the concrete statistical information we were not 
able to search out the concrete numbers of the electricity consumption from the 
national as well as from privately built generators which lead to the presumptions 
and approximation of numbers.  
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4. Analysis 
4.1 Economical perspective 
 
In this section of the project we will discuss the economical side of the solar 
energy implementation. It will include the approximate cost of the solar energy 
installation, advantages of the solar energy to the economics, as well as the 
alternative energy sources, Nigeria’s oil industry and its problems, Nigeria’s 
energy sector, the criticism on current energy supply efficiency, private sector 
participation in the energy sector and the policies concerning the improvement of 
current electricity capacity and inefficiency, and concerning the implementation 
of solar energy in Nigeria. 
 
4.1.1 Nigeria’s Energy Sector 
 
The insinuation of presenting the electricity sector is to get familiar with the 
energy sector and with the housing sector and to compare them to the last part of 
this chapter: energy use and carbon/GHG emissions. We get to conclude the main 
actors in the energy sector, tariff structure, the types of consumers and describing 
and analyzing the causes of energy inefficiency for the target group: in this 
chapter we will apply the energy chain analysis.  
 
4.1.1.1 Energy chain – Energy Resources 
 
 
It was established that LPG (Liquefied petroleum gas), kerosene/paraffin, fuel 
wood, charcoal and electricity are the major fuels for urban use in Nigeria.  The 
reliance on biomass fuels is swiftly giving way to the use of fossil fuels 
(particularly LPG and kerosene) and electricity in urban households. The motives 
given for the observed transition include; convenience, cleanliness and social 
status. The reading reveals the dominance of kerosene, LPG and electricity in all 
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the income groups, while fuel wood is used mostly in the low-income groups (see 
the figure below).  
 
 
Figure 3 Energy source according to income27 
 
4.1.1.2 Energy chain-Conversion 
 
Kerosene, gas, petrol and diesel are all made from refined oil. Candles are made 
from wax (a by-product from oil). Coal production is from the Cretaceous 
Anambra Basin which expands to Dekina in the northern part of the basin in 
Benue State and to Okigwe in the south of Nigeria28.  Much of the energy they use 
such as petrol, paraffin and gas is supplied to them through private corporations 
and traders. National government regulates the prices of these fuels.  
 
                                                 
27
 “Nigeria Energy Data”, Statistics and analysis-oil, gas, electricity and coal, published by Energy 
Information Administration 2007. 
28
 Coal and Lignite, published by  Online Nigeria, December 7, 2008, webpage: 
http://www.onlinenigeria.com/geology/?blurb=510, accessed on  7/12/2008. 
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4.1.1.3 Oil Industry in Nigeria 
 
Nigeria is the 10th largest oil producer in the world and takes the 3rd place of oil 
production in Africa. Nigeria's economy is quite dependent on its oil sector which 
accounts for 95 percents of Nigeria's foreign exchange earnings with the reserves 
approximately estimated to 28 billion.  According to the table below, crude 
petroleum accounted for 40,6 percents of Gross Domestic Product (GDP) of 
Nigeria in the year 2002.29 Around 95 percents of oil produced in Nigeria is 
produced throughout joint venture30. Shell is taking the leading position with 
nearly 50 percents of production while Nigeria only receives around 60 percents 
of what they produced.31 
 
 
Nigeria has two main oil markets: upstream and downstream. The upstream oil 
industry is the most significant for the Nigeria's economic sector since it is 
producing more than 90 percents of Nigeria's total exports whereas downstream 
has four refineries with the capacity of 445, 000 bbl/day, however, due to fire, 
                                                 
29
 The impact of oil on Nigeria's economic policy formulation, written by  Biodun Adedipe, 
published on 17th of June, 2004, paper presented at the conference on Nigeria, organized by 
Overseas Development Institute in collaboration with the Nigerian Economic Summit Group, page 
5, accessed on 24/11/2008. 
30
 Joint venture – a company in which multiple investors share ownership and control.  
31
 Impact of oil and gas production on the Nigerian economy: a rural sector econometric model, 
written by Matthew Nga Uwakonye, Gbolahan Solomon Osho, Hyacinth Anucha, published by International 
Business and Economics research journal, volume 5,  number 2, February 2006, page 62, accessed on 
24/11/2008. 
Solar energy implementation in Nigeria, Karolis Kevelaitis, Rasa Museckaite, 
Gaisva R.Obialo, Vytautas Raudonis, Bachelor level in Business Studies, House 
44.2, Roskilde University, Fall 2008. 
 
 
27 
 
corruption, poor management etc. it often operates only at  40 percents of its full 
capacity.32  
4.1.1.3.1 Problems of the oil sector 
 
The oil sector of Nigeria's economy over the years until now faced various 
problems influencing the optimal development of it. Nigerian National Petroleum 
Corporation (NNPC), controlled by Ministry of Petroleum Resources, is lacking 
the autonomy which leads to the unnecessarily postponement of decisions and 
bureaucracy. Moreover, NNPC operations are seen as inefficient especially in the 
refinery operations, distribution and etc. 
 
In addition, the delays in the payment of cash calls for the joint venture operations 
caused the poor level of investment by the oil companies. Also the inadequacy of 
funds affected the sufficient maintenance of equipment as well as efficient NNPC 
refinery operations.  
 
Furthermore, there occur communal disturbances requesting for the higher stakes 
of the oil operations thus disturbing the crude production, also, the smuggling of 
petroleum products for the foreign exchange. Additionally, because of the low 
level of domestic technical development there occur high technical costs of 
production.33 
 
4.1.1.4 Energy chain- Energy Networks 
 
Electrical energy is drawn from the national grid – 85% of which is generated 
from the three hydro generating stations in the north and four thermal stations in 
the south. They are loosely tied together by long transmission lines that are 
essentially radial. Electricity is transmitted down NEPA transmission networks 
and finally distributed to industry, businesses and households either directly by 
                                                 
32
 Ibid.  
33
 Crude oil and the Nigerian economic performance, written by  Gbadebo Olusegun Odularu, 
department of Economics and development studies, Covenant University, Nigeria, published in 
2007, accessed on 24//11/2008. 
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NEPA or through the city transmitters, which are licensed distributors. 
Considerable energy losses (up to 30-40%) occur in this transmission process.34 
 
4.1.1.5 Energy chain – End-user 
 
Most households in Nigeria receive electricity through the electricity network 
system. There are two systems of paying for electricity. With the older, credit 
meter system you are supplied with electricity through the month and receive a 
bill for it at the end of the month, based on the amount you have theoretically 
used. The pre-paid meter system requires you to buy your electricity straight 
upfront – just like pay-as-you-go cell phone payments. The National Electric 
Power Authority of Nigeria regulates the price of electricity. In order to reduce 
poverty the government has made provision for an amount of 50 kWh of 
electricity that is provided free to low consumer households. 35 
 
4.1.1.6 Tariff 
 
Tariffs for electricity distributors are regulated by the National Electric Power 
Authority of Nigeria (NEPA) and are based, mainly, on the core concepts of 
economic efficiency and cost reflective pricing. Exceptions are allowed when 
implementing particular government policies with specific reference to supplying 
electricity to low income households. This supplies flexibility for the distributor to 
cross-subsidize low-income in urban areas at present.  
 
4.1.1.7 Average energy consumption rates 
 
When we are talking about average energy consumption in the residential sector, 
we have to specify 3 areas: low income consumers (with or without access to 
electricity), middle-income consumers and high-income consumers. Energy is 
                                                 
34
 “Reliability investigation of the Nigerian Electric Power Authority transmission network in a 
deregulated environment” written by Komolafe, O.A.; Omoigui, M.O.; Momoh, A. 2007. 
35
 “The Nigerian Electricity Market” A ReAtraL Survey 2007. 
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expensive for low-income households and a better use of energy is present at the 
level of middle and high-income households. The last ones are responsible for up 
to three times as much carbon emissions compared to the first category. This is 
due to the fact that electricity is produced from fuel that emits much carbon. 
 
Low-income consumers 
 
Predominant fuels for energy consumption: paraffin and kerosene no matter if the 
houses are electrified or not. Electrified low-income households use energy for 
lighting, media or refrigeration. However, their dependence on paraffin or 
kerosene for bigger energy responsibilities is devastating. The logic for this is 
that, electricity still is too expensive for cooking; space and water heating in 
addition; upgrading old appliances could be costly. Opposing to electricity, 
paraffin or kerosene could be purchased or rented in limited amounts even on 
credit.  
Termination: high inefficiency  
 
Middle- high-income consumers  
 
Main fuels for energy consumption: electricity but still high inefficiency on 
consumer end due to lack of EE with the notion that electricity is cheap. 
Termination: average consumption: 
 
36
 
 
                                                 
36
 “State of Eenery report”, for Abia state , 2005. 
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One of Nigeria’s states, Abia State of Energy Report presents the information that 
15% of all the energy used in Abia state and 38% of all electricity is in 
households. Anyway, energy presents a big expense for the poor households as 
they are spending as much as 25 to 40% of their income for these needs. As for 
the middle to high-income households, even though they use double as much 
energy as lower income households, they spend only around 3 to 5 % of income. 
This fact shows that there is not a big financial inducement in the use of 
electricity, especially that the electricity prices in Nigeria are quite low.  
 
4.1.1.8 Energy mix for households 
 
Beneath is an economic assessment of the best energy mix for households. It also 
includes an evaluation of the cheapest financial option. An economic assessment 
takes into account externalities (respiratory health, paraffin poisoning, fires, 
distribution costs not included in price, environmental effects of wood fuel use, 
greenhouse gasses, water consumption in electricity generation, health risks in 
coal mining), which is absent in a financial assessment.  
 
 
Figure 4 Economic life cycle cost comparison of appliances for different end 
users for households. (Underlined are financially cheapest options) 
 
4.1.1.9 Safety  
 
Energy and safety are strappingly connected. Electricity can be harmful if not 
supervised accurately. The extension string mechanism of electricity connection 
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mainly used in informal settlements does not fulfill standard electricity safety 
requirements. Households without electricity may be tempted to connect to other 
installations, e.g. traffic light or streetlights. Such actions can be very deadly and 
life risky. However, the use of paraffin/kerosene creates severe safety concern for 
low-income households. The Paraffin Safety Association of Nigeria does not give 
exact numbers on the people killed or injured by paraffin, but say “the number is 
inappropriately high and runs into many thousands of incidents every year”. The 
damages include poisoning of children, respiratory diseases and burns.  
 
 
Figure 5 Safety measure for different furl types and appliances37  
 
4.1.2 Inefficiency of electricity 
 
The annual electricity consumption in Nigeria has been increasing, and still is, 
throughout the past years. Since 1970 1,273 gigawat hours (GWh) it increased to 
13,700 GWh in 2001. However, these numbers do not take into account the 
suppressed demand which was caused by the inaccessibility to the national grid 
and insufficiency of the electricity supply. Because of that various electricity 
consumers, both industrial and residential, have installed their own generators and 
                                                 
37
  P. Lloyd, E. Visagie, “the testing of gel fuels, and their comparison to alternative cooking fuels. 
In Domestic use of energy conference” published on 2007. 
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the total capacity of these generators is around half (50 percents) of the installed 
capacity of the national Nigerian grid.38   
 
Almost 30 percents of the total generated electricity of NEPA is lost throughout 
transmission and distribution before accessing the customers.39 According to the 
World Bank, because of the inadequate electricity supply Nigeria is losing around 
$600 million a year.40 
 
The main factors causing the inefficiency of electricity are:41 
 
• frequency in breakdowns of the power generating equipment 
• lack of the skilled manpower for the adequate maintenance of the 
generators 
• shortage of foreign exchange in order to purchase required equipment 
• inadequacy of industries serving the power sector 
 
Due to the reason that the demand for electricity is increasing in Nigeria, certain 
things have to be done in order to substantially increase the electricity capacity 
available, as well as to decrease various looses such as distribution and 
transmission, and make the attractive environment for the investment funds. The 
policies and objectives related to the improvements of electricity efficiency were 
                                                 
38
 National Energy Policy, published by the Presidency Energy Commission of Nigeria, Federal 
Republic of Nigeria, April 2003, page 35, accessed on 22/11/2008. 
39
 Renewable energy for rural development: the Nigerian perspective, written by A.S. Sambo, 
published by ISESCO Science and Technology vaision, volume 1, May 2005, accessed on 
24/11/2008. 
40
 Lights out for the oil-rich Nigeria, written by L.Lawal, published by „Fortune“, CNN Money, 
December 4, 2007, webpage: 
http://money.cnn.com/2007/12/03/news/international/nigeria_power.fortune/index.htm, accessed 
on 24/11/2008. 
41
  Renewable energy for rural development: the Nigerian perspective, written by A.S. Sambo, 
published by ISESCO Science and Technology vision, volume 1, May 2005, accessed on 
24/11/2008. 
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created which are as follow:42 
 
 Policies 
 
• The nation shall make steady and reliable electric power available at all 
times, at economic rates, for economic, industrial, and social activities of 
the country. 
• The nation shall continue to engage intensively in the development of 
electric power with a view to making reliable electricity available to 75% 
of the population by the year 2020. 
• The nation shall promote private sector participation in the electricity 
subsector, while ensuring broad-based participation of Nigerians. 
Objectives 
 
• To provide electricity to all state capitals, local government headquarters 
as well as other major towns by the year 2010. 
• To stimulate industrialization in the rural areas in order to minimize rural- 
urban migration. 
• To provide reliable and stable power supply to consumers, especially to 
industries. 
• To ensure the removal of bottlenecks militating against the utilization of 
the full capacity of the existing electric power plants. 
• To broaden the energy options for generating electricity. 
• To attract adequate investment capital, both foreign and domestic, for the 
development of the electricity industry. 
                                                 
42
 National Energy Policy, published by the Presidency Energy Commission of Nigeria, Federal 
Republic of Nigeria, April 2003, page 35-37, accessed on 22/11/2008. 
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• To maximize access by Nigerians to the investment opportunities in the 
electricity industry. 
4.1.3 Private sector input in the energy sector 
 
Nigeria’s government is largely responsible for the ownership and operation of 
the industries within the energy sector, except upstream of the oil, gas sub-sectors 
and some of the electricity sub-sector. Due to the increasing demands for the 
government investments in other sectors such as education, transportation, health 
etc. it was not able to provide the required funds necessary for the capacity 
expansion and maintenance of the energy supply infrastructure within the energy 
sector. Hence this lead to the degeneration of the established equipments resulting 
in the decline of capacity whiles on the other hand the demand for energy is 
increasing. Moreover, the insufficiencies in funding and management caused the 
decrease of reliability and adequacy of electricity supply, security of the energy 
supply system and the productivity of the economy. 
 
The government of Nigeria believes that the participation of the private sector 
would attract new investments in the energy sector mainly because of the reason 
that privatization will solve the current managerial problems. Since, mostly of the 
required private investment funds will come from the foreign capital, the 
advantageous environment must be made in order to attract the investment in the 
energy sector. 43 
 
4.1.4 Energy Policy Objectives 
 
The energy policy objectives were created in order to show that energy is crucial 
for the national development goals and that government is responsible for 
managing the energy challenges of the nation. As for dependence on oil, it can be 
diminished via energy resources diversification, development of human resources, 
                                                 
 
43
 Ibid, page 6. 
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research, development and demonstration (R D & D) etc. The objectives of energy 
policy are as follow:44 
 
• To ensure the development of the nation's energy resources, with 
diversified energy resources option, for the achievement of national 
energy security and an efficient energy delivery system with an 
optimal energy resource mix. 
• To guarantee increased contribution of energy productive activities to 
national income. 
• To guarantee adequate, reliable and sustainable supply of energy at 
appropriate costs and in an environmentally friendly manner, to the 
various sectors of the economy, for national development. 
• To guarantee an efficient and cost effective consumption pattern of 
energy resources. 
• To accelerate the process of acquisition and diffusion of technology 
and managerial expertise in the energy sector and indigenous 
participation in energy sector industries, for stability and self-reliance. 
• To promote increased investments and development of the energy 
sector industries with substantial private sector participation. 
• To ensure a comprehensive, integrated and well informed energy 
sector plans and programs for effective development. 
• To foster international co-operation in energy trade and projects 
development in both the African region and the world at large. 
• To successfully use the nation's abundant energy resources to promote 
international co-operation. 
                                                 
44
  Ibid, page 8-9. 
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4.1.5 Economical advantages of solar energy 
 
There are several economical advantages of the solar energy which are as follows: 
 
• with the help of the solar energy the productive work-day can be extended 
(since it is dark by 6:00 pm) 
• solar energy system can provide a constant and superior lighting at 
minimum cost compared with the generators or utility power 
• solar energy participates in creating direct and indirect employment 
opportunities since unemployment rate in Nigeria is quite high, as well as 
business opportunities 
• solar energy assists in retaining the foreign exchange when the earnings 
from export are not spend on importation of various spare parts of 
generators and etc and capital is saved from not building any power plants, 
the money can be used for other sectors requiring attention such as health 
education etc. 
• solar energy encourages the development of the micro-enterprise since the 
enterprises despite the power shortages and even unavailability can still 
provide the services for its customers without losses 
• solar energy can assist in the development of the micro-lending programs 
since the financing mechanism such as revolving credit funds could be 
used for purchasing solar home systems thus the local financial institutions 
set aside the some funds such loans for the turnaround of the rural business 
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4.1.6 Costs of solar energy 
 
Nigeria is in a very advantageous geographical position for implementing solar 
energy system. As mentioned before, on average there are 6.5 hours of sunshine 
every day and daily solar radiation averages at 5.25kWh/m2/day. Now, since we 
have these numbers and we know, that efficiency of solar energy panels is more 
or less 15% we can calculate the area that would have to be covered by solar 
panels to provide electricity for citizens. Even though, our project does not aim to 
change main electricity source from current to solar energy, following 
calculations will be aimed at building off-grid solar energy plant which is able to 
provide constant electricity to 10’000 citizens. 
 
Before we do that, we have to find out, how much electricity one citizen is using 
in some period of time (let it be a day, a month or a year). According to Energy 
Information Administration45 there were 128,771,988 citizens in Nigeria in 2005 
and they used 18 billion kWh (kilowatt hours) of electricity in 2005. This roughly 
translates to 122 kWh per citizen per year (or 10.2 kWh per month). However, it 
is no secret that due to constant electricity shortage many people are using their 
own oil powered electricity generators and according to some sources they 
generate as much as 50% of electricity supplied by government. So if this is put 
into consideration, then the electricity consumed by citizen per year increases to 
183kWh (15.3kWh per month). In order for the system to be able to keep up with 
time and increase in demand, we decided to add extra 25% on the amount of 
electricity used and that sums up to 228.8kWh per citizen per year (19.1 kWh per 
month). 
 
If our solar energy system was to support 10’000 people, then it would have to be 
able to produce 2’288’000 kWh (or 2’288MWh) of electricity in a year. 
 
In order for us to find the size of solar panels needed for such an electrical system, 
we have to find out how big has solar panel to be to produce 1kWh per day. In the 
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perfect world where efficiency of solar panels was 100% then with the radiation 
of 5.25kWh/m2/day we would need 0.19 m2 of solar panels to produce 1 kWh per 
day. However, as the efficiency of those panels is only 15%, then required area 
increases dramatically and becomes 1.27 m2 for 1kWh per day. Plus, we decided 
to add the so-called worse-than-average factor of 1.5. This factor provides extra 
insurance that the system will be able to cope with the demand even if the 
radiation is reduced 1.5 times. So now the area of solar panels needed to provide 
1kWh/day becomes 1.27m2 * 2 = 2.54 m2. For our further calculations we decided 
to round this number to 2.5 m2. 
 
Now we know, that 2.5 m2 of solar energy panels will provide 1 kWh/day or 30 
kWh/month. According to our previous research, one citizen in Nigeria would use 
19.1 kWh/month and our system should be able to provide electricity to 10’000 
citizens, so at the end of the day the system has to be able to provide 191’000 
kWh/month. If 2.5 m2 can provide 30 kWh/month, then we will need: 
 
22 67.916'155.2*
30
000'191
mm
kWh
kWh
= of solar energy panels. For the sake of 
simplicity we rounded this number to 16’000 m2. What does this number mean in 
reality? If we would take a square which has the area of 16’000 m2, then we 
would have a square which every side is 126.5 m long. This would compare or be 
even smaller than a parking place at your local supermarket. 
 
Now, let’s calculate the cost of such a project. According to an on-line shop46 
specializing in alternative energy supplies, one pallet of 25 solar energy panels of 
the size of 0.95m2 each costs 5200 USD. This one pallet would cover the area of 
23.75 m2 and the area that we need to cover is 16’000 m2, so we would need: 
 
674
75.23
000'16
2
2
≈
m
m pallets. 
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Since one pallet costs 5200 USD, then total cost for solar energy panels would be: 
674 * 5200 USD = 3’504’800 USD. 
 
In addition to solar energy panels there are other elements required: 
• Batteries – to provide electricity at night 
• Charge controller – to protect batteries from overcharge 
• Inverter – to convert DC power to AC power 
• Mounting racks – to secure solar energy panels to ground 
 
Picture below illustrates the whole solar energy system very well: 
 
Figure 6 Components of solar energy plant 
 
The cost for all those extra elements for our system is expected to be 1’000’000 
USD. So, to sum everything up, the solar energy system for Nigerian town of 
10’000 citizens would cost 4’504’800 USD. Let’s not forget, that this system is 
designed in such a way that it will provide much more electricity than needed, 
taken into account that climate conditions and people behavior do not change 
radically. 
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The idea of such an energy system is to provide clean electricity. But how much 
would that electricity cost to end-user? 
 
We know the total price for such system and we know that expected lifetime for 
this system would be 25 years. Let’s calculate how much kWh this solar energy 
system would calculate during those 25 years, and then we will know the price of 
1 kWh. So, since this system is designed to provide 191’000 kWh per month, 
then: 
 
191’000kwH/month * 12 months = 2’292’000kWh per year and 
2’292’000kwh/year * 25 years = 57’300’000kWh per system’s lifetime. Now, 
let’s find the price for one kWh: 
 
kWhUSD
kWh
USD /08.0
000'300'57
800'504'4
≈ . 
 
According to various articles on solar energy systems, this price is within the 
expected range. Current charge for electricity in Nigeria averages at 
0.03USD/kWh47, so our renewable energy system is 2.67 times more expensive. 
However, as we mentioned before, significant amount of electricity is produced 
by private generators, so it is really difficult, nearly impossible to tell how much 
money is spent on electricity in reality. Plus, since CDM is supporting projects 
like this, it is expected that the price for electricity produced by solar energy plant 
would be lower than 0.8 USD/kWh. 
 
4.1.7 Policies of Solar energy  
 
Since solar energy is renewable and environmentally friendly, it has a great level 
of competitiveness for low and medium power consumption compared with the 
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other energy sources such as oil, coal, nuclear and etc. However, solar energy is 
not very popular in Nigeria, only used in the traditional open air drying, despite its 
high potentials. Hence, in order to develop, implement and increase the 
consumption of the solar energy lots of effort and work must be put into it. 
Overall, the policies and objectives concerning the solar energy are as follow:48 
 
Policies 
 
• The nation shall aggressively pursue the integration of solar energy into 
the nation's energy mix 
• The nation shall keep abreast of worldwide developments in solar energy 
technology 
Objectives 
• To develop the nation's capability in the utilization of solar energy 
• To use solar energy as a complementary energy resource in the rural and 
urban areas 
• To develop the market for solar energy technologies 
• To develop solar energy conversion technologies locally 
 
Strategies 
 
• Intensifying research and development in solar energy technology 
• Promoting training and manpower development 
• Providing adequate incentives to local manufacturers for the production of 
solar energy systems 
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• Providing adequate incentives to suppliers of solar energy products and 
services 
• Introducing measures to support the local solar energy industry 
• Setting up extension programs to introduce solar technology into the 
energy mix 
• Providing fiscal incentives for the installation of solar energy systems 
• Setting up and maintaining a comprehensive information system on 
available solar energy resources and technologies 
 
4.1.8 Alternatives 
 
Solar energy is not the only renewable energy available. One must consider other 
options as well. The second most common energy source would be the wind. 
Apparently, the capacity of wind-powered energy generators was 94.1 gigawatts 
(at year 2007). This roughly translates to 1% of electricity used around the world. 
If looking at how this usage is spread among countries, then at the top of the list 
would be Denmark with 19% of electricity being produced by wind, then Spain 
and Portugal with 9% and Germany and Republic of Ireland with 6%. 
 
The principle behind wind energy is quite simple. The wind turns the turbine and 
the generator. The energy created is either stored or applied immediately. Wind 
mill(s) can be connected to grid and thus provide energy to bigger areas. 
The crucial factor about the wind power is the location of where to establish the 
wind farm. If chosen not wisely, it might (and most likely will) result in huge 
losses. Three main types of wind farms are: 
 
• Off-shore – ten or more kilometers from the land. 
• Near-shore – either on land within three kilometers from water, or on 
water within 10 kilometers from land. 
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• On-shore – three or more kilometers away from the water. 
Off-shore wind farms are the most common and biggest ones. It has some 
advantages and disadvantages of its own: 
Advantages Disadvantages 
More energy produced Towers for the turbines have to 
be longer 
Might be easier to build (not cheaper 
though), because all materials can be 
transported by ships 
Long distance to land may 
require to use high voltage DC 
Esthetics and other annoyances (noise 
and etc.) 
Salted water corrodes towers 
faster 
Generally can be bigger than on-shore 
farms 
Generally more expensive to 
build and maintain than on-shore 
farms 
 
The main idea of this table is that even with the higher costs to pay for the off-
shore wind farms, the increased energy production makes them worthwhile.  
Some may argue that wind turbines are very bad for the birds, but the fact is that 
according to studies the number of birds killed by turbines is insignificant 
compared to the number of them killed by other human activities (such as hunting, 
driving, and using fossil fuels). 
 
Another advantage of having on-shore wind farm is that the ground that separates 
wind turbines can be used for agriculture. Wind turbines have to be placed at the 
distance one from another, because otherwise they would intervene and would not 
be so efficient. 
 
Wind energy, as great as it is, requires wind. And wind is not what Nigeria is 
famous about. At the end of 2007, The Federal Government of Nigeria started the 
pilot project to generate electricity from the wind. According to Sam Gekpe, 
managing director of a rural electrification agency, “the wind regime in Nigeria is 
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moderate, generally weak in the south except in the coastal and offshore areas and 
strongest in the hilly regions of the north”49. He also did not reveal the amount of 
energy this project might generate. 
 
The other alternative could be biomass. Biomass might refer either to plants that 
are grown to generate heat or to produce bio-fuel or to biodegradable wastes that 
are burnt as fuel. Since this alternative is mostly used in small scale, we decided 
not to look into any further. 
 
After presenting main alternative energy sources we can now see, that solar 
energy is the best renewable source of energy for Nigeria for several reasons 
(those reasons being the specifics of other alternatives). But what about the power 
of the atom? Maybe nuclear power would be better solution in order to provide 
consistent energy for Nigeria? 
 
There are plenty of advantages of nuclear power, main of them being: 
 
• Inexpensive fuel 
• Compact waste 
• Environmentally  friendly (when operating) 
 
All these points look very advocating; however every single of them has a counter 
argument: 
 
• Inexpensive fuel –> huge capital cost 
• Compact waste –> issue with high level waste storage and disposal 
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• Environmentally  friendly (when operating) –> possibility for radiation to 
settle and unimaginable consequences in case of failure 
 
According to the recent studies, the days of nuclear energy being the cheapest 
electricity source are coming to an end. This is all mainly because of the very big 
initial costs and the maintenance required to run nuclear power plant. Both wind 
energy and solar energy have become significantly cheaper over the last years and 
the costs for the nuclear energy have gone up. Plus, all renewable energy sources 
are highly promoted and supported by international organizations (CDM) and thus 
it makes sense for developing countries to really consider renewable energy (wind 
or solar) as the source for electricity. 
 
4.1.9 Barriers for CDM 
 
As we mentioned earlier, the CDM has produced a lot of deficiencies despite its 
role in assisting developed countries to assemble emission reduction target. It is 
also vital under the CDM that the projects contribute to the sustainable 
development of the countries where they are hosted. Because the Kyoto Protocol 
gives no definition of how to interpret “sustainable development” and leaves this 
aspect for host country governments to decide, there is a need of understanding 
and reliability in how this concept is applied. With this in mind, there was a need 
for the development of guidelines for appraising sustainable development in 
Nigeria. Barriers to CDM development can occur at various steps of the CDM 
project sequence.  
 
4.1.10 International barriers 
 
The Absence of International Institutional Guidance, including methodologies. 
The CDM modalities and procedures do not classify how sustainable development 
in developing countries should be achieved. Also, there is no existing 
methodology for evaluating the sustainability. What is happening is that there are 
opinions in favor of the Sustainable Development (SD) benefits that should be 
Solar energy implementation in Nigeria, Karolis Kevelaitis, Rasa Museckaite, 
Gaisva R.Obialo, Vytautas Raudonis, Bachelor level in Business Studies, House 
44.2, Roskilde University, Fall 2008. 
 
 
46 
 
visualized as being real, even though they cannot be measured just as the GHG 
reductions? The assumptions can be done at a qualitative level, and not a 
quantitative one that could show how much CDM contributes to SD. An 
additional point is that sometimes the small-scale project (that is expected to 
generate less than 30.000 credits/year) might be tricky to work under the existing 
baseline methodologies, since non-availability of a suitable baseline methodology 
(and time, cost and risk of developing an approved one) is a barrier. The 
fundamental project for most new methodologies presently proposed is expected 
to generate at least 100,000 (and sometimes more than a million) credits per 
year.50 
 
A further severe matter is the additionally criteria that have to be met. The project 
can only create credits if it is confirmed to be additional. In other words, on behalf 
of the projects, an evaluation has to be done for what would have taken place in 
the case of developing the project outside the CDM umbrella. Developing an 
appropriate methodology to determine additionally was a common complexity in 
many proposed methodologies to calculate emission reductions from CDM 
projects. This difficulty has been eased through the development of Executive 
Board (EB) -approved “additionally tools”. Nevertheless, additionally is still a 
sticking point for some proposed CDM projects, and was the reason for EB-
rejection of projects.  
 
4.1.11 Design of CDM 
 
The G-7751 and China persisted that the CDM should continue be a project-based 
instrument (single isolated projects and congruent with existing policies) 
representing their fear that industrialized countries would earn too many reduction 
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credits through the CDM. During the negotiations, due deliberation was not given 
to the fact that this limit would simultaneously diminish the potential of the CDM 
to transform carbon-intensive economies and mainstream climate into economic 
growth patterns in the South.  
 
4.1.12 Buyer or Investor conditions 
 
In order for the buyers, investors and even developers of CDM project to have or 
gain a real interest into the CDM, they need a consistent message from different 
sectors within a country, such as the country’s investment climate and national-
level factors. They can decide where and why or when to invest, their decision 
being openly reflected in the geographical and sectional spread of the CDM 
projects. When it comes to funding, there are some special criteria’s that arise, in 
the sense that: some funds are demanding the minimum size of the projects in 
order to be considered for funding. This has an influence on the geographical 
location of the project or the sector (favoring large scale projects), or projects that 
will reduce GHG with a higher global warming potential. For example, the KfW 
Carbon Fund demands that a project should produce more than 50 thousand 
credits a year. This precludes many of the currently proposed CDM energy 
efficiency projects, as well as wind electricity projects under approximately 20 
MW and hydro projects with capacities lower than approximately 10 MW. 
Preferences that will guide decisions: For example, Ecosecurities (a project 
developer involved in more than 300 CDM/JI projects) will only invest in CDM 
project activities if expected credits in the first year of project operation exceed 
the transaction costs for the first year. More than half of Ecosecurities total 
portfolio is in China and Brazil.52 
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 4.1.13 Local policies 
 
A home country’s policy framework that facilitates CDM projects can have a 
great influence on implementing and developing CDM projects within a country. 
As a reliable policy is not potential without a good communication and 
collaboration within the different levels of the government, this can represent a 
significant barrier as the government together with any other agencies and units 
have something to say when it comes to developing, implementing, and 
promoting or approving CDM projects. Moreover, they are the ones responsible in 
setting the policy framework towards CDM that brings us to our barrier.  
 
4.1.14 Financial Barriers for CDM 
 
To begin with, the financial barriers for a CDM project take place due to various 
kinds of risks that are in a straight line linked with the project. These threats are, 
in addition to conventional ones that might arise for broad projects, such as: 
political, exchange rates, capital costs and time overlapping. The following table 
is presenting these precise risks that might happen for a CDM project at the 
financial level. 
 
Figure 7 Risk for the CDM project  
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The way these risks put stress on the CDM projects is by influencing/affecting the 
decisions taken by the financing institutions when it comes to making up their 
minds about contribution or not in the financing of the CDM project. The 
responses started by these barriers were the setting up of some agencies that can 
mitigate CDM specific risks: investment guarantee agencies. They propose 
products and services able to approach the mitigation of CDM projects specific 
risks in the context of developing countries. One example is the following: the 
Worlds Bank Multilateral Investment Guarantee Agency (MIGA) that has 
provided insurance to a Canadian company (it has invested in a landfill gas-to-
energy CDM project in El Salvador). An important barrier that can be stumbled 
upon by the CDM project developers at the financial level is the conservative 
approach of local banks from developing countries. These banks are prepared to 
give away credits only in the local currency, while the project needs hard currency 
for the purchase of different equipments. This is especially the case of Sub- 
Saharan Africa, where more than this, due to the small case of the projects, they 
might generate to less revenue (to be generated from the CERs), that will be 
reflected in a costly and unpleasant project for the bank to invest in.  
 
4.2 Environmental perspective  
 
In this part of the project the economical impact of the fossil fuels will be 
discussed, also the environmental advantages and disadvantages of the solar 
energy will be shown.  
 
4.2.1 Fossil fuels impact on the environment 
 
The largest disadvantage of the fossil fuels is the emission of carbon dioxide to 
the atmosphere which creates the “greenhouse effect”. Also this type of energy 
not only affects the degradation and deforestation of land but as well water, air 
pollution, human illness and accumulation of solid waste. Those factors contribute 
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to the current issue of the global warming, formation of the smog, endangerment 
of the flora, fauna and marine life etc. 53 
Furthermore, burning coal produces sulphur dioxide which contributes to the 
formation of the acid rain. The open mining coals, so called “strip mining”, harm 
the environment by destroying quite large areas of the landscape.54  
 
4.2.2 Advantages of solar energy 
 
As solar energy is produced purely from the Sun, it does not emit any carbon 
dioxide (CO2) gasses. This prevents green-house effect. It is calculated that a one 
kW PV system prevents 300 lbs. of CO2 gasses from entering the planet every 
month. What is more, NO and SO2 gasses are not produced at all and this helps to 
reduce acid rains.55 
Indirect advantage of solar energy is that when people use electricity created by 
solar energy plant, then they do not have to use diesel generators, kerosene or 
flashlights for lightning their everyday life. This is mainly an issue in developing 
countries. We include flashlights, because they use batteries which, if not 
disposed properly, are a huge threat for soil and underground water, as they 
contain lead-acid cells.56 
Besides all the environmental advantages, there are some advantages of other type 
which contribute to better life quality: 
• Solar energy plant does not generate any noise (unlike as generators) 
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• No moving parts result in very little maintenance required 
• All the environmental advantages result in better health of citizens 
• Solar energy plant can be easily expanded (with addition of extra solar 
panels) 
• Warranty for a solar panels is 25 years 
• Small or mid-sized solar energy plants are small compared to coal power 
plants (in the size of coal mines is included) 
 
4.2.3 Side effects of solar energy 
 
Despite the benefits of solar energy, mentioned throughout the text, it still makes 
some damage to the environment. The main problem of this renewable energy 
source is the amount of space it might take if used for the large scale because the 
creation of solar plants would cause the destruction of forests which might lead to 
deforestation. Additionally, the most damage the solar energy will do to the 
environment is via installation of infrastructure it requires in order to operate such 
as steel, metal, cables, access roads and etc.57 
Moreover, the harm to the environment will be done by the exhaust gas of the 
transport bringing the solar panels in the place they have to be installed as well as 
the construction equipment and implementation works itself. However, all these 
are common for any source of energy – it is just the way it is. 
 
4.3 SWOT analysis of solar energy plant   
 
 
In this section we will make a SWOT analysis of the solar energy plant. SWOT 
stands for Strengths, Weaknesses, Opportunities and Threats. Usually, SWOT 
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analysis is used to evaluate the company and not the product, but we decided to 
try and apply it to our project by evaluating the product – solar energy plant. 
Table below shows the results of our evaluation: 
Table 1 SWOT analysis of solar energy plant 
 
In the Strengths part we find that solar energy plant is cheap to maintain. This is 
mainly due to the lack of any moving parts. Basically, all maintenance that is 
required would be cleaning the solar panels. What is more, since solar energy 
plant is extremely environmentally friendly, we can expect the support from the 
people of various layers in society. Who is going to argue, that some fossil fuel 
plant is better (especially given the fact that electricity produced by solar energy 
plant is not that expensive)? Another great strength is that solar energy plant can 
be installed in rural areas, where there is no infrastructure for electricity. 
However, this only applies to small and medium size plants. As solar energy plant 
is made from solar panels that are mounted on mounting racks, batteries, inverters 
and charge protectors and all these components are basically lying there on the 
ground, it is easy to dismantle everything, move it to some other place and 
assemble it again. Now this would be difficult to achieve with any other type of 
power plant. 
 
Even though, the price of electricity produced by solar plant can be competitive, 
the initial investment required is quite large and this is one of the weaknesses of 
solar energy plant. However, this weakness is reduced by one of the opportunities 
Strengths Weaknesses 
• Cheap maintenance costs 
• Appeal to masses (eco-
friendliness) 
• Easy to install in rural areas 
• Portable (in a way) 
• Expensive to install 
• Depends on climate conditions 
Opportunities Threats 
• Rebates are available from 
international organizations 
• Further expansion by setting 
good example 
• Other energy sources 
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in the table: there are various organizations (like CDM) which will support 
developing countries and will provide financial help to implement 
environmentally friendly solutions. 
 
Another weakness of the solar energy plant lies in the very essence of it – it is 
dependable on the Sun. Sure, the calculations are made according to the average 
sunshine times and average amount of radiation and then there are some 
precaution factors thrown in to make sure, that such a plant will be worth 
building, but people are still long way from being able to control the climate and 
there is always a chance that something will go wrong. Especially, when the 
lifetime of the solar energy plant is expected to be 25 years. 
 
One more opportunity for solar energy plant would be that it might set a good and 
inspiring example and the growth of such plants can be expected. However there 
are other alternative energy sources that solar energy has to compete with and this 
is the threat for it. There might some areas or countries where there is a possibility 
to choose let’s say between solar energy and wind energy. In Nigeria, in favor for 
solar energy plant, there are no real contenders in clean energy production field. 
This is all because of climate conditions. 
 
To sum up, we would say that according to our SWOT analysis, solar energy plant 
would be successful in Nigeria. 
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5. Conclusion  
 
“The day must come when electricity will be for everyone, as a waters of the 
rivers and the wind of heaven. It should not be merely supplied, but lavished, that 
men may use it at their will, as the air they breathe.” Emile Zola 
 
In the beginning of our project we drew a clear picture of our research area, which 
is: current situation of Nigeria’s energy sector. We were interested in finding out 
how to improve the demand and supply of electricity in the urban areas of the 
country throughout implementation of solar energy. Therefore, this leads to our 
problem formulation which is: 
 
What are the economical and environmental costs/benefits of implementing solar 
energy in urban areas of Nigeria in order to support the current fossil fuel 
generators and thus ensure the constant electricity supply? 
During the analysis we find out that the demand for electricity is very high, 
however, the supply is not adequate and constant, and thus many citizens are 
using privately owned fossil fuel generators. According to our research, the use of 
the fossil fuel generators is very costly and not environmentally friendly. So, we 
decided to look at the alternatives which would support and improve the 
electricity efficiency. Therefore, the project group decided that the solar energy is 
the best solution since Nigeria is in advantageous geographical position.  We 
analyzed the economical and environmental costs/benefits of implementing solar 
energy and we reached the conclusion that the costs of electricity supplied by 
national grid (NEPA) and solar energy plant is almost the same despite the high 
installation costs which could be supported via CDM. Moreover, looking from the 
environmental point of view, solar energy is environmentally friendly and long-
lasting compared to the fossil fuel generators.  
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To conclude, we can say that solar energy is capable of supporting the current 
fossil fuel generators and ensure constant electricity efficiency at the lowest 
economical and environmental costs.  
 
5.1 Perspectives 
 
Even though we believe that our research is completed, project group still has 
some ideas on how the project could be expanded, because we do not know if the 
theory is strong enough to be implemented in the reality. Therefore, the case study 
could be the best solution. 
 
Moreover, we can approach our problem from the political point of view by 
digging deeper into the fact that the corruption in Nigeria is manipulating most of 
the governmental authorities. 
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